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The baroreceptor reflex is a powerful negative
feedback control mechanism that buffers acute
changes in cardiovascular function, regulating exces-
sive fluctuations in blood pressure.1 In humans, failure
of the baroreceptor reflex is a rare disorder related to
primary degenerative lesions in the brain stem2 or
deafferentation of the reflex arc after traumas, tumors,
or surgery in the brain stem, neck, or chest.3-7
This report describes the case of a normotensive
patient with a familial bilateral carotid body tumor
(CBT), excised at two different times. Only after exci-
sion of the second tumor did the patient have sudden
fluctuations of sympathetic activity with dramatic, life-
threatening paroxysms of arterial hypertension caused
by the loss of the arterial baroreceptor function. 
Only a few similar cases have been described in
the literature.3,6-8 Conclusive data are not available
regarding the incidence, duration, and reversibility
of this severe autonomic disorder after the bilateral
removal of CBT. 
CASE REPORT
A 47-year-old woman was admitted to the First
Department of Surgery of the University of Rome to
undergo surgery for a left CBT. This normotensive patient
had been under observation for 2 years after a total thy-
roidectomy for a papillary carcinoma of the gland. A pre-
vious color-flow Doppler imaging of the neck had revealed
a solid, hypoechoic mass (2.4 cm) in the left carotid bifur-
cation, characterized by intense vascularity. She had no
family history of glomus tumors.
At physical examination, a small, painless tumefaction
was palpable in the left cervical region. The mass was
mobile horizontally but not vertically and could not be
distinguished from the carotid pulse. Physical findings
were otherwise unremarkable. A traditional intra-arterial
angiography confirmed the presence of a tumor at the left
carotid bifurcation (Fig 1, A) and a similar neoplasia on
the right (Fig 1, B). 
The left tumor was removed from the carotid vessels in
the subadventitial plane with no injury to either the vessel
wall or the vagal, hypoglossal, or glossopharyngeal nerves.
The patient’s postoperative course was normal with a blood
pressure at 110/70 mm Hg and a heart rate at 70
beats/minute. One week later, the 2-cm tumor at the right
carotid bifurcation was excised in the same fashion without
intraoperative complications. The histologic examination of
both lesions showed the typical features of a paraganglioma. 
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Immediately after the excision of the second CBT, the
patient’s blood pressure was markedly labile with hyper-
tensive surges of 240/130 mm Hg and sinus tachycardia
of 120 beats/minute, accompanied by a severe, pounding
frontal headache, nausea, vomiting, and skin flushing.
Some episodes of hypotension were also observed. The
symptoms improved with the intravenous administration
of 0.15 mg clonidine and 7.5 mg nifedipine administered
sublingually, providing a fall in blood pressure to normal
ranges within a few minutes. Between one hypertensive
surge and another, the patient’s heart rate was approxi-
mately 100 to 120 beats/minute, and she had a high emo-
tional lability that was treated with benzodiazepine.
Ultrasonography of the adrenal glands and 24-hour
urine tests for the catecholamine dosages permitted exclu-
sion of the presence of a pheochromocytoma. Blood and
urine tests, electrocardiogram, and cerebral computed
tomography scan were all normal. Nevertheless, the
patient continued to have one or two episodes of severe
hypertension daily. 
The patient underwent the baroreflex sensitivity eval-
uation by means of transfer function analysis, which
revealed a severe impairment of the baroreceptor reflex
system consistent with clinical manifestations. She was dis-
charged and prescribed benzodiazepine, clonidine, and β-
blockers. 
Careful diagnostic imaging performed on the patient’s
relatives revealed the presence of a bilateral CBT in a sis-
ter and a monolateral CBT in another sister. 
Two years later, the patient returned to us with a sub-
stantially unmodified clinical situation in spite of therapy;
she complained less frequently of hypertensive paroxysms
(only once or twice a month) but had a strongly troubled
lifestyle. Ultrasonography of the adrenal glands and uri-
nary catecholamine dosages revealed no alterations.
Reduction of the baroreflex sensitivity indexes was con-
firmed by a repeat of the transfer function analysis.
EVALUATION OF BAROREFLEX 
SENSITIVITY
Baroreceptor sensitivity can now be measured
noninvasively by a recently introduced method
known as the transfer function.9,10 This technique
Fig 1. Arteriograms with left (A) and right (B) carotid
injections shows the CBTs and the splaying of the carotid
arteries. The vascularity of the tumors at the carotid bifur-
cations should be noted.
Fig 2. A, Recording of the systolic blood pressure (mil-
limeters of Mercury) and heart rate expressed in R-R
intervals (milliseconds) of the patient, 30 days after the
bilateral surgery. B, The same recordings (milliseconds
and millimeters of Mercury) in an age-matched healthy
subject. The flatter pattern of the heart rate curve in the
subject who underwent the operation should be noted.
A
B
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involves the simultaneous beat-to-beat recording of
the R-R interval and systolic arterial pressure variabil-
ities (Finapress 2300; Ohmeda, Englewood, Colo)
lasting 512 beats. These two recordings are then used
for a spectral analysis with an autoregressive algo-
rithm.11,12 The procedure provides two power spec-
tra, one for the heart rate and the other for the arter-
ial pressure. Both have two main components: The
first spectral component is termed high frequency
(HF), ranging around 0.3 Hz and is influenced by
vagal activity; the second spectral component is
termed low frequency (LF), ranging around 0.1 Hz.
Although the origin of this component is still contro-
versial, it probably derives from sympathetic and vagal
activity.13 The transfer function calculates heart rate
oscillations in a given frequency band as a function of
arterial pressure variations within the same band. It
therefore provides two indexes of baroreceptor sensi-
tivity: α HF and α LF, calculated as follows10:
α HF = √HF RR /√HF SBP
α LF = √LF RR /√LF SBP
Some investigators have proposed an alternative
mean α index, namely the arithmetic mean of α HF
and α LF.10
The baseline recording (Fig 2, A) and the spec-
tral profiles of heart rate and arterial pressure vari-
ability performed after the operation in the
described patient (Fig 3) differ substantially from
those of an age-matched healthy subject (Figs 2, B,
and Fig 3). In particular, the heart rate variability
was extremely low (Fig 2, A), and the LF and HF
spectral components were far lower than those of a
normal subject (Fig 3). In addition, the three α
indexes calculated from the two spectral compo-
nents were extremely low (α LF: 3.0 msec/mm Hg;
α HF: 3.8 msec/mm Hg; and α mean: 3.4
msec/mm Hg), as compared with the normal values
(7-9 msec/mm Hg). The α index pattern, calculat-
ed point by point at each frequency of oscillation,
shows that the patient, after bilateral tumor excision,
invariably had a lower baroreceptor profile than a
healthy subject (Fig 4). Hence, the reduced barore-
ceptor sensitivity appears to be caused by surgical
damage to the carotid sinus innervation. 
DISCUSSION
Tumors that develop at the bifurcation of the
common carotid artery are the most common form
of cervicocranial paragangliomas, which are rare
lesions originating in the branchiomeric paraganglia,
distributed from the skull base down the aortic arc.
They are incorporated into the diffuse neuroen-
docrine amine precursor uptake and decarboxylation
system, although endocrinologic activity, character-
ized by the secretion of catecholamines, is rare.14,15
Most CBTs are seen in a sporadic fashion, although
approximately 10% of the patients have a familial his-
tory of this disease. The inheritance pattern of CBTs
in these families suggests an autosomal dominant
genetic transmission.16 In the sporadic form, less
Fig 3. Spectral analysis obtained from the R-R intervals (milliseconds; A) and systolic blood
pressure (millimeters of Mercury; B), simultaneously recorded beat-to-beat for 512 beats. The
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than 5% of the patients have bilateral tumors. Nearly
one third of patients with the familial form will even-
tually experience the development of bilateral
tumors.17 In addition, these tumors may not grow
for decades. 
Malignant CBTs, as revealed by local or distant
metastases but not by microscopic criteria, occur in
5% to 10% of the patients in most series.16,18 Long
survival times with disseminated disease have also
been reported. In the late 1950s before the devel-
opment of modern vascular surgery, complications
of surgical treatment were worse than the natural
course of the disease itself. Today, instead, it is gen-
erally accepted that surgery is the mainstay of man-
agement for CBTs with acceptable morbidity rates.
In a review of the most significant series in recent lit-
erature, the operative mortality rate was reported to
be 0.5% to 1% with a stroke percentage of 2% to
3%.8,18-22 The postoperative cranial nerve deficit rate
ranges from 0% to 71%, with a mean value of 29%.19
The need to remove an associated paraganglioma
(tympanic, jugular, or vagal glomus) or a bilateral
CBT dramatically increases the risk of cranial nerve
injury.18 Moreover, tumors of more than 5 cm tend
to have partial or complete encirclement of the
carotid arteries, and vascular or neural postoperative
complications are much more frequent.23
Several authors have recently described another
poorly understood and rarely recognized complica-
tion after bilateral neck dissection for CBTs.3,6-8 The
clinical manifestations are caused by the loss of
buffering of blood pressure with consequent volatil-
ity of arterial pressure and heart rate on both sides of
the spectrum. After the excision of the second
tumor, patients have sudden hypertension for 24 to
72 hours, followed by sharp fluctuations of arterial
pressure and episodic hypertension with sometimes
systolic and diastolic pressure values of 280 and 160
mm Hg, respectively. Headache, dizziness, tachycar-
dia, diaphoresis, and flushing are generally present
only when the blood pressure rises; these symptoms
may persist from 3 to 30 minutes. Marked hypoten-
sion and reduced heart rate may also occur when the
patient is drowsy or under sedation.24 The patients’
cardiocirculatory situation appears to greatly depend
on the level of cerebral stimulation.3,24 Most
patients also have high emotional lability, even
between arterial pressure surges. The pathophysio-
logic feature of this syndrome is that the bilateral
neck dissection for the removal of a CBT (with
anatomic damage to Hering’s nerve and possible
damage to the glossopharyngeal, hypoglossal, or
vagal nerves) ultimately leads to denervation of the
carotid sinus and to deafferentation of the barore-
ceptor reflex arc, with the total and probably perma-
nent loss of the carotid baroreceptor function.
Carotid and other arterial baroreceptors buffer acute
changes in blood pressure by altering the efferent
autonomic tone.1 At rest, the baroreceptor reflex
afferents tonically inhibit the efferent sympathetic
discharge. Interruption of this tonic inhibition leads
to marked lability of the arterial pressure associated
with plasma catecholamine increases.3
The baroreflex failure syndrome (BFS) is proba-
bly a heterogeneous entity because its clinical
expression is different in modality and severity of
symptoms in deafferentation of the baroreflex arc
from an intrinsic degenerative lesion in the posterior
brainstem nuclei.3,24 The most severe symptoms
occur when interruption in the baroreflex is sudden,
such as after bilateral surgery of the neck.3 This syn-
drome may be difficult to treat, and patients are usu-
ally emotionally volatile and have abnormal respons-
es to a variety of environmental stress. Treatment
with benzodiazepine and the avoidance of stressful
situations may be helpful. Clonidine appears to be
the most effective therapy, although the episodes of
hypotension can improve with the administration of
low-dose corticosteroids.3,8,24
By means of a complete review of the literature, we
were able to identify 147 patients with bilateral CBTs,
97 of whom had undergone bilateral resection, either
staged or at the same time. Of the total bilaterally
resected series, well-documented diagnoses of postop-
erative BFS (by means of tests of baroreflex control of
the cardiovascular function) were made in only 16
patients.3,6-8 However, in the most representative
series documented at the Autonomic Dysfunction
Center of Vanderbilt University (Nashville, Tenn),
Fig 4. The α index pattern (milliseconds/millimeters of
Mercury) calculated point by point at each frequency
oscillation. In the case described, this invariably ranges
around 5.0 ms/mm Hg (thin curve), which is far lower
than that of a normal subject (thick curve).
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Netterville et al8 report a 100% rate of postoperative
BFS. The literature reporting on the postoperative
course after bilateral resection of CBT may be incom-
plete in most of the series, so the true incidence of BFS
after these operative procedures is not known. Over
time and with therapeutic control, the episodes of
hypertension may become less frequent and the asso-
ciated symptoms less dramatic.3 At the same time, sev-
eral investigators report cases in which the baroreflex
dysfunction may continue to present problems many
years after the initial surgery,3,7 as in the case described
herein. There are no previous publications that report
the complete remission of BFS after bilateral CBT
resection.
In conclusion, the early surgical excision of a uni-
lateral CBT should be considered a safe procedure
with limited morbidity in tumors of less than 5 cm.
Surgery for larger tumors dramatically increases the
risk of vascular and neural damage. Moreover, the
surgical procedures used for bilateral CBTs, regard-
less of their size, seem to lead to a very high inci-
dence of autonomic dysfunction, characterized by a
permanent loss of acute variations in arterial pressure
control and dramatic hypertensive crises. This results
in a generally life-threatening and disrupted lifestyle. 
In light of their slow growth rate, their low inci-
dence of malignancy, and the very high risk of injury
to the vascular, neural, and baroreceptor functions
after bilateral resection, we recommend the unilater-
al resection with a conservative and monitored “wait
and see” policy for smaller tumor as the most appro-
priate treatment for bilateral CBTs.
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